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Fumonisins and zearalenone are mycotoxins produced by Fusarium spp. that commonly contaminate
maize and its derivative products. Recent reports have shown that fumonisin B2 and B4 might also be
produced by Aspergillus niger and Tolypocladum species, although their prevalence in maize is for sure
connected to Fusarium species. The aim of this study was to evaluate the occurrence of fumonisins and
zearalenone in maize, stored in 10 family farms located in the State of Minas Gerais, Brazil. Samples were
collected in four periods, at intervals of two months, totalling 40 samples. Mycotoxins were isolated
using commercial immunoafﬁnity columns and its concentrations were evaluated by ﬂuorometric
technique. Fumonisins were detected in all 40 samples, with values ranging from 230 to 6450 mg kg1,
and zearalenone was detected in 38 maize samples, with levels from 1.8 to 99 mg kg1. Zearalenone levels
were below the acceptable limit for human consumption but the fumonisins levels were above this limit
in most samples, implying in risks to consumers’ health.
 2012 Elsevier Ltd. Open access under the Elsevier OA license.1. Introduction
Maize is one of the three cereal crops that have the highest
production in the world and Brazil is the third biggest maize
producer, after China and the United States of America. In 2010 the
Brazilian planting area was about 14 million hectares, which
generated an average of 58.9 million tons of grain (CONAB, 2011).
This cereal can be used for many purposes, such as animal feed,
industrial uses, and is even the staple food in many developing
countries. In Brazil, maize is mainly used for animal feed but in
some regions like the State of Minas Gerais this cereal is used to
prepare typical dishes such as maize cake, maize porridge, “angu”
(a kind of ﬁrm and salty porridge), “canjiquinha” (a salt dish made
with cracked maize grains) and others.
In Brazil, the majority of the maize production (about 80%) is
stored in adequate silos, under good storage practices, with efﬁcientx: þ55 31 3027 1188.
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sevier OA license.insects and fungi control. On the other hand, due to unfavourable
economic conditions, many small farmers often store their maize
production in small cribs, under extremely precarious conditions
(Santos, 2008) and use the grains for feed and food (own consump-
tion). This unsuitable storage attached to the Brazilian’s tropical
climatemay provide the increasing of fungi incidence andmycotoxin
production which may cause damage to the animal and human
health.
Fusarium genera fungi produce amongst others, fumonisins and
zearalenone (ZEA) mycotoxins and are considered the main cause
of maize damages in Brazil (Tanaka, 2001). These mycotoxin
productions are related to high temperature and humidity condi-
tions and, except in extreme situations, their formation happens
before harvest or during the early drying stage. Thus, the control of
the fumonisins and zearalenone levels requires more attention in
the pre-harvest practices (Munkvold, 2003).
Fumonisins are mainly produced by Fusarium verticillioides
(Voss, Smith, & Haschek, 2007) and have been found in maize and
maize products in Brazil and other countries (Bii, Wanyoike,
Nyende, Gituru, & Bii, 2012; JECFA, 2001; Maziero & Bersot, 2010;
Rocha et al., 2009). These mycotoxins are known to cause several
diseases in animals as the equine leukoencephalomalacia (ELEM)
and porcine pulmonary oedema. Also, they have been reported to
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classiﬁed as Group 2B “possibly carcinogenic to humans”
(International Agency for Research on Cancer, 2002, pp. 171e175).
Zearalenone (ZEN) is mainly produced by Fusarium graminearum,
Fusarium culmorum, Fusarium cerealis, Fusarium equiseti, and Fusa-
rium semitectum (Kuiper-Goodman, Scott, & Watanabe, 1987). The
chemical structures of ZEA and its metabolites are similar to the
naturally occurring oestrogens (Gromadzka, Waskiewicz,
Chelkowski, & Goliski, 2008) and are described as compounds with
oestrogenic properties. These molecules are especially associated
with complications in reproductive functions in several species of
animals (Diekman & Green, 1992). In pigs, for example, the damage
caused by ZEA can be high, because its metabolites have oestrogenic
andanabolic activities,whichmaycausehyperestrogenismandaffect
the animal reproductive system (Hauschild et al., 2007).
In Brazil, some studies have been published related to the
fumonisins and zearalenone incidence in maize (Maziero & Bersot,
2010), but there is a lack of data about the incidence of these
mycotoxins in maize stored on Brazilian family farms. Thus, due the
high toxicity of these mycotoxins, the objective of this study was to
assess the incidence of total fumonisins in maize, stored in family
farms in the Central Region of the State of Minas Gerais, Brazil.
2. Materials and methods
2.1. Sampling
Samples were collected every two months in ten family farm
cribs in Esmeraldas, Pedro Leopoldo, Funilândia and Sete Lagoas,
towns in the central region of the State of Minas Gerais, Brazil. The
Table 1 contains information regarding farm location, planted area,
planting date and harvest date of each farmer.
A hundred and ﬁfty maize ears were randomly collected in each
10 family farms cribs, in four sampling periods of 2009 e every two
months: June (winter), August (winter), October (spring) and
December (spring), in a total of 40 samples. Afterwards, 20 maize
ears were randomly selected from the 150 ears collected in each
crib. The ears were threshed and a representative 1000 g of maize
grain sample was transported to the mycotoxins laboratory of
Embrapa Maize and Sorghum, Sete Lagoas, Minas Gerais, Brazil.
Aftermixing, inorder to equalize themoistureof the samples, each
samplewere dried at 60 C for 96 h,milled in a hammermill (Trappe
TRF model 90) and stored in a freezer at 18 C until analysis.
2.2. Mycotoxins determination
The quantiﬁcation of mycotoxins was performed by the mono-
clonal antibody column technique for fumonisins and zearalenone
(FumoniTest and ZearalaTest Immunoafﬁnity Column, Vicam,
USA).Table 1
Farmer, farm location (city), planted area, planting date and harvest date of each
farmer.
Farmer Farm location (city) Planted area Planting date Harvest date
1 Esmeraldas 1.5 ha 30/11/2008 30/05/2009
2 Esmeraldas 1 ha 30/10/2008 30/04/2009
3 Funilândia nra nra nra
4 Funilândia 3 ha 30/10/2008 15/06/2009
5 Funilândia 3 ha 30/10/2008 30/05/2009
6 Pedro Leopoldo 1 ha 15/11/2008 15/06/2009
7 Pedro Leopoldo nra 15/10/2008 30/05/2009
8 Pedro Leopoldo 0.5 ha 10/10/2008 30/03/2009
9 Pedro Leopoldo 0.3 ha 10/10/2008 30/03/2009
10 Sete Lagoas nra nra nra
a Non registered.Fifty grams of ﬁnely grounded sample were extracted with
100 mL of water/methanol mixture (20/80) and 5 g of NaCl in
a blender for 1 min. Afterwards, it was ﬁltered through whatman
No.1 paper and an aliquot of 10 mL of ﬁltered extract was diluted
with 40 mL of Phosphate/0.1% Tween-20 Buffer Solution. The
solution was ﬁltered again with a 1.0 mm microﬁber ﬁlter.
2.2.1. Fumonisins determination
To the fumonisin determination, 10 mL of the solution were
taken and passed through the FumoniTest column. The column
was ﬂushed with 10 mL of Phosphate/0.1% Tween-20 Buffer solu-
tion and a second ﬂush was carried out by passing 10 mL of
phosphate buffer solution through. The column content was eluted
with 1.0 mL of methanol (HPLC grade), collected and 1 mL of
developer was added. Total fumonisin levels were quantiﬁed using
a Vicam Series e 4EX Fluorometer.
2.2.2. Zearalenone determination
To the zearalenone determination, 8 mL of the solution were
taken and passed through the ZearalaTest column. The column
was ﬂushed with 10 mL of Phosphate/0.1% Tween-20 Buffer solu-
tion and a second ﬂush was carried out by passing 10mL of distilled
water. The column content was eluted with 1.0 mL of methanol
(HPLC grade), collected and 1 mL of developer was added. Zear-
alenone levels were quantiﬁed using a Vicam Series e 4EX
Fluorometer.
Some validation parameters for both mycotoxins are displayed
in Table 2.
2.3. Statistical analysis
For experimental analysis, it was considered a factorial 10  4
(local  sampling period) in a completely randomized design with
three replicates. Results were compared by test F in the ANOVA and
the means were grouped using ScotteKnott test at 5% probability.
3. Results and discussion
3.1. Total fumonisins
The variance analysis (ANOVA) of total fumonisin contents
showed that the local  sampling period interactions were signif-
icant (p < 0,05). Fumonisins were detected in all 40 sample eval-
uated and ranged from230 to 6450 mg kg1 (Table 3). In the 1st, 2nd
and 3rd sampling periods, the highest level of total fumonisins was
in farm 10 and the lowest was in the 1st and 2nd collections from
farm 5. The total fumonisin levels in most rural properties did not
increase throughout the storage period, except in the farm 5. This
ﬁnding indicated that fumonisins are mycotoxins that may occur
mainly in the pre-storage period and probably the maize was
contaminated before storage. Although in most samples fumonisin
concentrations were below 4000 mg kg1, the acceptable European
Communities (EC) limit for unprocessed maize (European
Commission, 2007), 33 of the 40 maize samples analysed (82,5%)Table 2
Recovery, repeatability and reproducibility for fumonisins and zearalenone analysis.
Spiked sample (mg kg1) Fumonisins Zearalenone
500 2000 5000 100 200 500
Mean recovery (%) 91.0 91.2 71.1 110 71.0 82.0
Repeatability (sr) (mg kg1) 89.6 75.5 292 7.1 21.2 7.1
CV of repeatability (%) 19.7 4.1 8.2 6.4 7.5 1.7
CV of reproducibility (sR) (%) 10.2 nda
a Non determined.
Table 3
Total fumonisin levels in maize stored in family farm cribs in Minas Gerais, Brazil.
Farm Total fumonisins (mg kg1)
Sampling period
1 2 3 4
1 2100Ac 2800Ac 1010Ad 1950Ab
2 1450Bc 5150Aa 1850Bc 670Bb
3 1700Ac 1800Ac 2600Ab 1350Ab
4 700Bd 3700Ab 455Bd 1400Bb
5 540Bd 230Bd 2950Ab 1750Ab
6 3900Ab 2350Ac 3050Ab 3500Aa
7 3250Ab 2550Ac 3850Ab 3200Aa
8 3050Ab 1750Bc 1450Bc 1100Bb
9 1550Ac 1550Ac 480Ad 805Ab
10 6450Aa 5550Aa 5200Aa 2800Ba
Values within columns followed by the same capital letter and values within rows
followed by the same lower case letter do not differ signiﬁcantly by ScotteKnott test
at 5% probability; limit of detection: 770 mg kg1.
Table 4
Total zearalenone in maize stored in family farm cribs in Minas Gerais, Brazil.
Farm Zearalenone (mg kg1)
Sampling period
1 2 3 4
1 35.0Ba 68.0Aa 9.5Bb 23.2Ba
2 26.5Aa 33.0Ab 34.0Ab 7.5Aa
3 33.5Aa 9.5Ab 9.1Ab 11.5Aa
4 50.5Aa 6.5Bb 2.8Bb 4.0Ba
5 42.5Aa 15.5Ab 14.5Ab 27.5Aa
6 24.5Ba 16.0Bb 99.0Aa 8.0Ba
7 55.5Ab 10.5Bb 0.0Bb 43.0Aa
8 14.5Aa 18.1Ab 1.8Ab 34.0Aa
9 35.0Aa 0.0Bb 5.0Bb 32.0Aa
10 2.2Ab 9.0Ab 2.8Ab 13.0Aa
Values within columns followed by the same capital letter and values within rows
followed by the same lower case letter do not differ signiﬁcantly by ScotteKnott test
at 5% probability; limit of detection: 70 mg kg1.
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tolerable levels recommended by the European commission for
human consumption (European Commission, 2007). This is
a worrying situation, once the familiar farmers from State of Minas
Gerais usually use this maize to prepare some dishes. Similarly, Bii
et al. (2012) evaluated natural Fusarium and fumonisin contami-
nation in 86 storedmaize samples in eastern province of Kenya and
found that most of the samples exceeded 1000 mg kg1.
In Brazil, previousworks also reported a largenumber of samples
contaminatedwith high fumonisins levels (Maziero & Bersot, 2010).
Orsi et al. (2000) found a percentage of positive samples similar of
those presently reported. They studied the incidence of fumonisins
in freshly harvested and stored maize from the State of São Paulo,
Brazil, and obtained positive results in over 90% of the 195 samples
tested, with fumonisin B1 (FB1) concentrations ranging from 870 to
49,310 mg kg1 Machinski & Valente Soares (2000) investigated the
levels of FB1 and fumonisin B2 (FB2) in 81 maize-based foods
marketed in the city of Campinas, in the State of São Paulo, Brazil,
and found 40 samples contaminated with FB1 and 44 samples with
FB2. In that study, the FB1 level average in maize ﬂour was
2290 mg kg1. Vargas, Preis, Castro, and Silva (2001) evaluatedmaize
samples from the southern, central and south-central regions of
Brazil and detected the presence of fumonisin in 99% of them. Cruz
(2010) investigated the occurrence of fumonisins B1 and B2 in 72
samples of industrialized maize-based foods collected in four cities
of the State of São Paulo, Brazil and found 47 (65.3%) samples with
fumonisins B1 in levels above 30 mg kg1.
3.2. Zearalenone
The variance analysis (ANOVA) of the zearalenone contents
showed that the local  sampling period interactions were signif-
icant (p < 0,05). The presence of zearalenone was detected in 38 of
the 40 maize samples collected and the levels ranged from 1.8 to
99 mg kg1 (Table 4). During the storage period there was no
difference between zearalenone level in samples collected from
farms 2, 3, 5, 8, 9 and 10. However, in farms 1, 4, 6 and 7 there was
a wide variation in these levels. The fact of this mycotoxin content
have suffered a wide range from one sampling period to another,
reducing these levels during storage in some cases, may be attrib-
uted to the difﬁculty to obtaining homogeneous sample in this type
of storage (ears with husk). The fungi contamination may have
occurred strictly in few spikes, without spreading to others.
However, according to Maziero and Bersot (2010) earlier studies
conducted in Brazil showed low rates of contamination with zear-
alenone in maize.At the 1st sampling period there was signiﬁcant difference in
the mycotoxin levels only between samples of the farms 7 (highest
level) and 10 (lowest level) (Table 4). In the 2nd sampling period,
the maize collected in the farm 1 had a higher level of zearalenone
than samples of farms 3, 4, 7, 9 and 10. In the 3rd period, the sample
collected in the farm 6 was statistically more contaminated with
zearalenone than those collected in other properties. However, in
the last sampling period (4th) there was no signiﬁcant difference
among samples from all 10 farms.
Probably the presence of zearalenone in maize samples since
the early stage of storage may have occurred due to contamination
previously occurred in the ﬁeld, once this mycotoxin is produced by
Fusarium, a typical ﬁeld fungus. Although the zearalenone was
detected in most samples, the levels were below the limit of
200 mg kg1, acceptable to the European Communities (European
Commission, 2007), and probably didn’t present risk to human
health. On the other hand, depending on the species and the age of
the animal, this level of contamination is considered high, based on
several experiments, in which the zearalenone recommended
maximum levels are 10e50 mg kg1 for chickens and 0e5 mg kg1
for swine (LAMIC, 2010).
4. Conclusions
Our data demonstrated a high incidence of fumonisins and
zearalenone in samples collected in family farm cribs in the Central
Region of the State of Minas Gerais, Brazil. The zearalenone levels
were below the acceptable limit for human consumption, but in the
most samples the fumonisins levels were above its limits. So, the
consumers can be exposed to these mycotoxins and their risks for
health, through consumption of contaminated maize-based foods
and, in the case of zearalenone, also through the ingestion of
products derived from animals that had been fed with contami-
nated maize.
The monitoring of mycotoxin levels in maize stored in family
farm cribs is very important for the farmers’ health and the adop-
tion of good agricultural and storage practices may contribute to
reduce the risk of contamination from these toxins.
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